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. (57) In a SAW filter (101) comprising a piezoelectric 
substrate (100) and at least two IDTs (102-4) formed in 
the direction along which a SAW propagates on the pi- 



ezoelectric substrate, at least one of the IDTs has an 
electrode finger wherein the metallization ratio of the 
electrode finger is different from that of the other elec- 
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FIG. 1A 




Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 1 267 490 A2 



FIG. 1B 



03 



2 



1 



EP 1 267 490 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present Invention relates to a longitudinal- 
ly-coupled resonator surface-acoustic-wave (SAW) fil- 
ter and to a communications apparatus using the same. 

2. Description of the Related Art 

[0002] In recent years, communications apparatuses 
such as mobile phones often have transmission fre- 
quency band and reception frequency band, which are 
near each other, due to increased users and diversifica- 
tion of services. Some communications apparatuses re- 
quire attenuation larger than a predetermined level quite 
near the passband thereof for preventing interference 
from other communications apparatuses. Accordingly, 
SAW filters widely used as band-pass filters for an RF 
stage of a mobile phone require attenuation larger than 
the predetermined level quite near the passband. 
[0003] For SAW filters, a function of balance/unbal- 
ance signal conversion, which is a so-called balun func- 
tion, becomes increasingly required for reducing the 
number of parts. For example, a longitudinally-coupled 
resonator SAW filter having the function of balance/un- 
balance signal conversion is disclosed in Japanese Un- 
examined Patent Application Publication No. 5-267990. 
[0004] However, when using the known above-de- 
scribed longitudinally-coupled resonator SAW filter, a 
deterioration of the shoulder characteristic, which is 
called a transversal response (a deterioration of the 
steepness of frequencies), is seen at the higher frequen- 
cy-side of the passband. Subsequently, the known lon- 
gitudinaily-coupled resonator SAW filter cannot achieve 
sufficient attenuation at the higher frequency-side of the 
passband, which is required for a communications ap- 
paratus in a personal communication system (PCS). For 
solving such problems, a ladder-type SAW filter is dis- 
closed in Japanese Unexamined Patent Application 
Publication No. 10-126212 for example. This filter has 
large attenuation at the higher frequency-side of the 
passband. However, this ladder-type SAW filter cannot 
have the function of balance/unbalance signal conver- 
sion. That is to say, it is difficult for the known SAW filter 
to have both sufficient attenuation at the higher frequen- 
cy-side of the passband and the function of balance/un- 
balance signal conversion. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present inven- 
tion to provide a longitudinally-coupled resonator SAW 
filter which can substantially reduce the transversal re- 
sponse compared to the known SAW filter, and which 
has the function of balance/unbalance signal conver- 



sion. 

[0006] According to an aspect of the present inven- 
tion, a longitudinally-coupled resonator surface-acous- 
tic-wave (SAW) filter comprises a piezoelectric sub- 

s strate and at least two interdigital transducers (IDTs) 
provided on the piezoelectric substrate along the direc- 
tion in which a surface acoustic wave propagates. At 
least one of the IDTs has an electrode finger wherein 
the metallization ratio of the electrode finger is different 

10 from that of other electrode fingers of the IDT. 

[0007] Preferably, in the longitudinally-coupled reso- 
nator SAW filter, at least one IDT which neighbours an- 
other IDT has one or more electrode fingers, in a region 
thereof stretching from the end neighboring the other 

15 IDT to about one-fourth of the way along itself, whose 
metallization ratio is different from that of other electrode 
fingers of the IDT. 

[0008] Preferably, in the longitudinally-coupled reso- 
nator SAW filter, at least one of the IDTs has electrode 

20 fingers wherein the metallization ratio of the electrode 
fingers is continuously varied in the direction along 
which a surface acoustic wave propagates. 
[0009] Accordingly, the longitudinally-coupled reso- 
nator SAW filter has a reduced transversal response 

25 and a large attenuation at the higher frequency-side of 
the passband. Further, by forming the part wherein the 
metallization of the electrode fingers is continuously var- 
ied in the direction along which a SAW propagates in 
the region stretching from the end neighboring another 

30 IDT to about one-fourth of the way along the IDT, the 
insertion loss in the passband is not increased. Further, 
by continuously varying the metallization ratio of the 
electrode fingers in the surface acoustic propagation di- 
rection the insertion loss within the passband is not in- 

35 creased and a better effect of the present invention can 
be obtained. 

[0010] According to another aspect of the invention, 
a communications apparatus comprising the longitudi- 
nally-coupled resonator SAW filter mounted therein is 
40 provided. By using the longitudinally-coupled resonator 
SAW filter of the present invention, the communications 
apparatus can achieve good communications quality 
and high reliability. 



45 BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

FIG. 1A schematically shows a longitudinally-cou- 
50 pled resonator surface -acoustic-wave (SAW) filter 
according to a first embodiment of the present in- 
vention; 

FIG. 1 B illustrates the metallization ratio of the lon- 
gitudinally-coupled resonator SAW filter; 
55 FIG. 2 shows a graph illustrating the variation of the 
metallization ratio of IDTs of the longitudinally-cou- 
pled resonator SAW filter according to the first em- 
bodiment of the present invention; 
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FIG. 3 shows a graph illustrating the frequency-am- 
plitude characteristic of the longitudinally-coupled 
resonator SAW filter according to the first embodi- 
ment of the present invention; 
FIG. 4 shows a graph illustrating the frequency-am- 
plitude characteristic of a longitudinally-coupled 
resonator SAW filter having a known configuration; 
FIG. 5 shows a graph illustrating the variation of the 
metallization ratio of IDTs of a longitudinally-cou- 
pled resonator SAW filter according to a second em- 
bodiment of the present invention; 
FIG. 6 shows a graph illustrating the frequency-am- 
plitude characteristic of the longitudinally-coupled 
resonator SAW filter according to the second em- 
bodiment of the present invention; 
FIG. 7 shows a graph illustrating the variation of the 
metallization ratio of IDTs of a longitudinally-cou- 
pled resonator SAW filter according to a third em- 
bodiment of the present invention; 
FIG. 8 shows a graph illustrating the frequency-am- 
plitude characteristic of the longitudinally-coupled 
resonator SAW filter according to the third embod- 
iment of the present invention; 
FIG. 9 schematically shows a longitudinally-cou- 
pled resonator SAW filter according to a fourth em- 
bodiment of the present invention; 
FIG. 10 schematically shows a longitudinally-cou- 
pled resonator SAW filter according to a fifth em- 
bodiment of the present invention; 
FIG. 11 schematically shows a longitudinally-cou- 
pled resonator SAW filter according to a sixth em- 
bodiment of the present invention; 
FIG. 12 schematically shows a longitudinally-cou- 
pled resonator SAW filter according to a seventh 
embodiment of the present invention; and 
FIG. 13 is a block diagram schematically showing 
a communications apparatus having a longitudinal- 
ly-coupled resonator SAW filter according to the 
present invention mounted therein. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] A longitudinally-coupled resonator surface- 
acoustic-wave (SAW) filter according to embodiments 
of the present invention will now be described with ref- 
erence to FIGs. 1A, 1B, 2 to 12. 
[0013] FIG. 1 A shows the configuration of a longitudi- 
nally-coupled resonator surface-acoustic-wave (SAW) 
filter 101 (hereinafter referred to as the filter 101), which 
is an example of an EGSM-Rx filter, according to a first 
embodiment. Incidentally, the EGSM-Rx filter will also 
be used as an example in the second to seventh em- 
bodiments. 

[0014] Theftlter 101 comprises: a 40±5° Y-cut X-prop- 
agating LiTa0 3 substrate 1 00 (hereinafter referred to as 
the substrate 100), which is a piezoelectric substrate; 
ground terminals 204; signal terminals 205; an IDT.1 02, 



an IDT 103, and an IDT 104, each having a plurality of 
electrode fingers made of aluminum connected to the 
ground terminals 204 and a plurality of electrode fingers 
made of aluminum connected to the signal terminals 

5 205; a reflector 1 05; and a reflector 106. 

[0015] The electrode fingers of the IDTs 102 and 104 
connected to the ground terminals 204 are opposite to 
the electrode fingers thereof connected to the signal ter- 
minals 205. The reflectors 1 05 and 1 06 are disposed so 

10 as to sandwich the IDTs 102, 103, and 104 therebe- 
tween. The IDTs 102 and 104 are connected in parallel 
to the same signal terminal 205. 
[0016] As shown in the same drawing, the pitch of 
several of the electrode fingers of the neighboring parts 

15 of IDTs 1 02 and 1 03, and the pitch of several of the elec- 
trode fingers of the neighboring parts of IDTs 103 and 
104 are narrower than that of the electrode fingers of 
the other parts of the IDTs. These electrode fingers with 
narrower pitch are called narrow-pitch electrode fingers. 

20 it should be noted that, in FIG. 1 A, the number of elec- 
trode fingers is reduced for simplification. 
[0017] In the filter 101, the metallization ratio of the 
IDTs is varied. The metallization ratio can be expressed 
by the equation: 

25 

<J=d1/(d1+d2), 

wherein the width of the electrode finger is indicated as 
30 d1 and the width of a gap between the electrode fingers 
is indicated as d2 as shown in FIG. 1B. 
[0018] FIG. 2 shows a graph showing the metalliza- 
tion ratio of the IDTs 102, 103, and 104, which continu- 
ously varies from 0.54 to 0.73. More specifically, the 
35 metallization ratio of the IDT 102 continuously varies 
from 0.54 to 0.73 in the direction from the left to the right 
as shown in Fig.lA. For the IDT 103, the metallization 
ratio thereof continuously varies from 0.73 to 0.54 along 
the direction from the left to the center, and further varies 
40 from 0.54 to 0.73 along the direction from the center to 
the right. For the IDT 1 04, the metallization ratio thereof 
continuously varies from 0.73 to 0.54 along the direction 
from the left to the right. 

[0019] When the wavelength of the filter 101 that is 
45 determined by the pitch of the narrow-pitch electrode fin- 
gers is X\ 2 , and when the wavelength thereof that is de- 
termined by the pitch of the other electrode fingers is 
\u, the configuration of the filter 101 can be designated 
as described below: 

50 

Interdigital width W: 47.7^ 
Number of electrode fingers of the IDT 1 02: 27 (four 
electrode fingers on the right-side thereof are nar- 
row-pitch electrode fingers) 
55 Number of electrode fingers of the IDT 1 03: 35 (four 
electrode fingers on the right-side thereof and four 
electrode fingers on the left-side thereof are narrow- 
pitch electrode fingers) 
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Number of electrode fingers of the IDT 1 04: 27 (four 
electrode fingers on the left-side thereof are narrow- 
pitch electrode fingers) 
IDT wavelength X M : 4.19 ujti, X^: 3.86 u/n 
Wavelength 7^ of the reflectors 105 and 106: 4.26 5 
H.m 

Number of reflectors 105 and 106: 120 
Gap between IDTs (1 09 and 1 1 0 in FIG. 1 A): 0.50X e 
Gap between IDTs and reflectors: 0.52X R 
Metallization ratio of the reflectors: 0.55 
Film thickness of the electrodes: 0.08A, n 

[0020] FIG. 3 shows the frequency-amplitude charac- 
teristic of the filter 101 according to the first embodiment. 
For comparison purposes, FIG. 4 shows the frequency- 
amplitude characteristic of a longitudinally-coupled res- 
onator SAW filter having a known configuration, whose 
IDT metallization ratio is set constant at 0.73. The con- 
figuration of this known longitudinally-coupled resonator 
SAW filter is otherwise the same as that of the filter 1 01 . 
However, to perform impedance matching, the interdig- 
ital width is changed from 47.7*^ to 35.8*^. 
[0021] As shown in FIG. 3, the attenuation at the high- 
er frequency than the passband, that is, from 990 to 
1020 MHz (the diagonally shaded area), is improved by 
about 4 dB in comparison with FIG. 4, since the trans- 
versal response is reduced because the metallization 
ratio of the electrode fingers is continuously varied in 
the direction along which a SAW is propagated. Further, 
the width of the passband from the through level to 4 dB 
becomes wider, by as much as about 0.5 MHz, than in 
the case of the known filter. Accordingly, a longitudinally- 
coupled resonator SAW filter having a reduced trans- 
versal response and an improved attenuation at the 
higher frequency-side of the passband can be obtained. 
[0022] In the first embodiment, the metallization ratio 
of all of the IDTs 1 02, 1 03, and 1 04 is continuously var- 
ied. However, the same effect as in the first embodiment 
can be obtained when the metallization ratio of only 
some of the IDTs is varied. 

[0023] FIG. 5 is a graph showing the variation of the 
IDTs of a longitudinally-coupled resonator SAW filter ac- 
cording to a second embodiment. 
[0024] In the second embodiment, the metallization 
ratio of the IDT 1 03 is not varied while the metallization 
of the IDTs 102 and 104 is continuously varied. More 
specifically, the metallization ratio of the electrode fin- 
gers of the IDT 102 is continuously varied from 0.54 to 
0.73 from the left to the right as shown in Fig.lA. The 
metallization ratio of the electrode fingers of the IDT 1 04 
is continuously varied from 0.73 to 0.54 from the left to 
the right. The metallization ratio of the IDT 103 is set 
constant at 0.73. The configuration of the filter is the 
same as in the case of the first embodiment except the 
way the metallization ratio is varied and the fact that the 
interdigital width between the IDTs is set at 40.5*^. 
[0025] FIG. 6 shows the frequency-amplitude charac- 
teristic of the filter according to the second embodiment. 



The attenuation at the higher frequency-side of the 
passband, that is, from 990 to 1 020 MHz (the diagonally 
shaded area) is improved and the width of the passband 
from the through level to 4 dB becomes wider as much 
as about 2 MHz than in the case of the known filter. Thus, 
according to the second embodiment where the metal- 
lization ratio of some of the IDTs is varied, the same ef- 
fect as in the case of the first embodiment can be ob- 
tained. 

[0026] In the first and second embodiments, the met- 
allization ratio of the electrode fingers is continuously 
varied. However, when the metallization is varied, not in 
a continuous manner, the same effect as in the cases 
of the first and second embodiments can be obtained. 
[0027] FIG. 7 shows a graph illustrating the variation 
of the metallization ratio of the IDTs of a longitudinally- 
coupled resonator SAW filter according to a third em- 
bodiment where the metallization ratio of the electrode 
fingers is non-continuously varied. More specifically, 
though the basic metallization ratio of the IDTs 102 and 
104 is set at 0.73, the metallization ratio falls to 0.584 
at every third electrode finger. The metallization of the 
IDT 1 03 is set constant at 0.73. The configuration of the 
filter is the same as in the cases of the first and second 
embodiments except the way the metallization ratio is 
varied and the fact that the interdigital width between 
the IDTs is set at 40.5X, V 

[0028] FIG. 8 shows the frequency-amplitude charac- 
teristic of the longitudinally-coupled resonator SAW filter 
according to the third embodiment. The filter according 
to this embodiment is not as effective as the filters ac- 
cording to the first and second embodiments. However, 
the attenuation thereof at the higher frequency-side of 
the passband, that is, from 990 to 1020 MHz (the diag- 
onally shaded area) is improved in comparison with the 
known case. 

[0029] Thus, the longitudinally-coupled resonator 
SAW filter according to the third embodiment has re- 
duced transversal response and an improved attenua- 
tion at the higher frequency-side of the passband, since 
the metallization ratio of the electrode fingers is non- 
continuously varied. When the metallization ratio is non- 
continuously varied, the IDTs also become non-contin- 
uous, and the insertion loss in the passband grows larg- 
er. Therefore, it is preferable to vary the metallization 
ratio continuously as in the first and second embodi- 
ments. 

[0030] In the first to third embodiments of the present 
invention, the metallization ratio of all of the electrode 
fingers is varied. However, by forming a part wherein the 
metallization ratio of the electrode fingers is changed in 
an area stretching the neighboring part of the IDT to 
about one-fourth of the way along the IDT, the transver- 
sal response Is reduced and the attenuation at the high- 
er frequency-side of the passband becomes larger. 
[0031 ] In the first to third embodiments, the 40±5° Y- 
cut X-propagating LiTa0 3 substrate is used. However, 
other substrates can be used, for example, a 64 to 72° 
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Y-cut X-propagating LiNb0 3 substrate, or a 41 ° Y-cut X- 
propagating LiNb0 3 substrate may be used to obtain the 
same effect as in the above-described embodiments. 
Further, the longitudinally-coupled resonator SAW filter 
of the present invention has three IDTs. However, the s 
filter may be configured otherwise to obtain the same 
effect as in the above-described embodiments. For ex- 
ample, the filter may have two IDTs, or may have four 
or more IDTs to obtain the same effect as in the above- 
described embodiments. Further, the same effect can io 
be obtained when two filters of the present invention are 
connected in series. Further, one-terminal pair SAW res- 
onators may be connected in series or in parallel. 
[0032] The longitudinally-coupled resonator SAW fil- 
ter shown in the first to third embodiments may be used * 5 
for a longitudinally-coupled resonator SAW filter having 
a function of balanced/unbalanced conversion of a sig- 
nal. Accordingly, a longitudinally-coupled resonator 
SAW filter having the function of balance/u nbalance sig- 
nal conversion and large attenuation at the higher fre- 20 
quency-side of the passband can be obtained. 
[0033] FIGs. 9 to 1 2 show the configuration of the lon- 
gitudinally-coupled resonator SAW filter of the present 
invention having the function of balance/unbalance sig- 
nal conversion. 25 
[0034] FIG. 9 shows a longitudinally-coupled resona- 
tor SAW filter 301 having the function of balance/unbal- 
ance signal conversion, according to a fourth embodi- 
ment of the present invention. The filter 301 comprises 
two longitudinally-coupled resonator SAW filters, F1 30 
and F2, which are configured substantially the same as 
the filter 101 in the first embodiment shown in FIG. 1A 
and which are connected in parallel. The filter 301 is dif- 
ferent from the filter 101 insofar as the IDT 306 of the 
three IDTs (305, 306, and 307 designated from the left 35 
in Fig.9) in filter F2 is disposed top side down. In the 
filter 301 , one of the opposing groups of electrode fin- 
gers of the IDTs 302, 304, 305, and 307 is connected to 
an unbalanced terminal 201 , one of the opposing groups 
of electrode fingers of an IDT 303 is connected to a bal- 40 
anced terminal 202, and one of the opposing groups of 
electrode fingers of the IDT 306 is connected to a bal- 
anced terminal 203. 

[0035] FIG. 10 shows a longitudinally-coupled reso- 
nator SAW filter 401 having the function of balance/un- *s 
balance signal conversion according to a fifth embodi- 
ment of the present invention. The filter 401 is config- 
ured substantially the same as the filter 101 in the first 
embodiment, and has a characteristic in the way elec- 
trode fingers of an IDT 403 of the three IDTs (402, 403, so 
and 404 designated from the left in Fig. 1 0) are connect- 
ed to the balanced terminals and to the unbalanced ter- 
minal. That is to say, one of the opposing groups of elec- 
trode fingers of the IDT 403 is connected to the balanced 
terminal 202, and the other group is connected to the ss 
balanced terminal 203. Further, one of the opposing 
groups of electrode fingers of IDTs 402 and 404 is con- 
nected to the unbalanced terminal 201 . 



[0036] FIG. 11 shows a longitudinally-coupled reso- 
nator SAW fitter 501 having the function of balance/un- 
balance signal conversion according to a sixth embod- 
iment of the present invention. The basic configuration 
of the filter 501 is the same as that of the filter 101 of 
the first embodiment. However, the filter 501 is different 
from the filter 1 01 insofar as an IDT 504 of the three IDTs 
(502, 503, and 504 designated from the left in Fig.1 1 ) is 
disposed top side down, and electrodes near the center 
of the IDT 503 are reversed so that the neighboring elec- 
trodes are disposed in the same direction. In the filter 
501 , one of the opposing groups of electrode fingers of 
IDTs 502 and 504 is connected to the unbalanced ter- 
minal 201 , and one of the opposing groups of electrode 
fingers of IDT 503, the group on the left of the reversed 
electrodes, is connected to the balanced terminal 202. 
Further, the other group of electrode fingers of IDT 503, 
the group on the right of the reversed electrodes, is con- 
nected to the balanced terminal 203. 
[0037] FIG. 12 shows a longitudinally-coupled reso- 
nator SAW filter 601 having the function of balance/un- 
balance signal conversion according to a seventh em- 
bodiment of the present invention. The basic configura- 
tion of the filter 601 is the same as that of the filter 1 01 
of the first embodiment. However, the filter 601 is differ- 
ent from the filter 101 insofar as IDT 604 of the three 
IDTs (602, 603, and 604 designated from the left in Fig. 
12) is disposed top side down. In the filter 601 , one of 
the opposing groups of electrode fingers of the IDT 602 
is connected to the balanced terminal 202. Further, one 
of the opposing groups of electrode fingers of the IDT 
604 is connected to the balanced terminal 203, and one 
of the opposing groups of electrode fingers of the IDT 
603 is connected to the unbalanced terminal 201 . 
[0038] As has been described from the fourth to sev- 
enth embodiments, the longitudinally-coupled resonator 
SAW filter com prises the function of balance/unbalance 
signal conversion. Accordingly, a longitudinally-coupled 
resonator SAW filter that has the function of balance/ 
unbalance signal conversion and that achieves large at- 
tenuation at the higher frequency-side of the passband 
can be obtained. 

[0039] FIG. 13 shows a block diagram schematically 
illustrating a communications apparatus 1 60 having the 
longitudinally-coupled resonator SAW filter according to 
the present invention mounted therein. 
[0040] In FIG. 13, a duplexer 162 is connected to an 
antenna 161. A longitudinally-coupled resonator SAW 
filter 164 and an amplifier 165 are connected between 
the duplexer 162 and a receiving mixer 163. Further, an 
amplifier 167 and a longitudinally-coupled resonator 
SAW filter 1 68 are connected between the duplexer 1 62 
and a transmitting mixer 166. When the amplifier 165 
can handle a balanced signal as in this example, a com- 
munications apparatus having suitable communications 
quality and high reliability can be obtained by using the 
longitudinally-coupled resonator SAW filter according to 
the present invention can be used as the filter 164. 
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[0041] Although the present invention has been de- 
scribed above in terms of detailed features of preferred 
embodiments thereof, it Is to be understood that modi- 
fications and developments of the embodiments can be 
made while remaining within the scope of the present s 
invention as defined in the appended claims. 



Claims 

10 

1. A longitudinally-coupled resonator surface-acous- 
tic-wave (SAW) filter (101) comprising: 

a piezoelectric substrate (100); and 
at least two interdigital transducers (IDTs) 1$ 
(102-4) provided on the piezoelectric substrate 
along the direction in which a surface acoustic 
wave propagates, 

wherein at least one of the IDTs has an elec- 20 
trade finger whose metallization ratio is different 
from that of other electrode fingers of the IDT. 

2. A longitudinally-coupled resonator SAW filter ac- 
cording to Claim 1 , 25 

wherein at least one IDT neighboring a further 
IDT has at least one electrode finger, in a region 
stretching from the end neighboring said further IDT 
to about one-fourth of the way along, wherein the 
metallization ratio of the at least one electrode fin- 30 
ger is different from that of other electrode fingers 
of the IDT 

3. A longitudinally-coupled resonator SAW filter ac- 
cording to one of Claims 1 and 2, 35 

wherein at least one of the IDTs has electrode 
fingers wherein the metallization ratio of the elec- 
trode fingers is continuously varied in the direction 
along which a surface acoustic wave propagates. 

40 

4. A communications apparatus comprising a longitu- 
dinally-coupled resonator SAW filter (101) accord- 
ing to any one of Claims 1 to 3 mounted therein. 
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